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ROTARY VOLUMETRIC MACHINES 
WITH A ROTATING PISTON/CYLINDER 
ZBIGNIEW GNUTEK, SLA WOMIR PIETROWICZ 
Institute of Heat Engineering and Fluid Mechanics, 
Technical University ofWroclaw, Wroclaw, Poland 
ABSTRACT 
In the paper, some properties of volumetric rotary machines are analyzed, that is machines, whose working 
chambers are formed by 
- a rotating piston and stationary cylinder, or 
- a stationary piston and rotating cylinder. 
The Wankel machine is the simplest representative of the first group. Operational principles of compressors 
based on these design concepts are discussed. Equations describing the piston/cylinder shape are presented. The 
working chamber volume at an arbitrary moment of the process is determined. Thermodynamic processes performed 
during the operation of the machines are analyzed. 
1. INTRODUCTION 
Among volumetric machines especially hopeful seemed the rotary machines with rotating triangular piston. 
This machine, commonly known as the Wankel machine, is used mainly as a combustion engine. There have been 
attempts made to use it also as a compressor [1] or an expansion engine [2, 3]. The analysis of operation of these 
machines suggests some ways of developing the constructional shape of rotary machines by using new shapes of the 
rotating piston. In research [5] a machine was analyzed whose piston was of the shape of a prism with a square 
intersection. 
In his article published in 1961 [4] B. Kopocmski set two targets. Firstly, to determine the equation of the 
closed curves family on which regular polygons can be rolled in such a way that at any time all of their vertexes 
could be lying on these curves. Secondly, to find the form of equations of closed curves, on which regular polygons 
slide (while rotating) in such a way that at any time their sides are tangent to the curve. B. Kopocmski proved that 
such equations exist and he showed their forms. This makes it possible to design rotary volumetric machines with a 
rotating piston with an intersection of a regular n-angular polygon and rotary volumetric machines with rotating 
cylinder whose cross section is an n-angular regular polygon. The authors of this paper show the results of their 
research ofthe family of such machines. 
2. MACIDNES WITH ROTATING PISTON 
y 
Fig. 1 The coordinates used for determining 
the equation describing the cross 
section of the cylinder 
The basic task for a designer of this kind of a machine is 
to determine the shape of the cylinder's cross section. In [4] 
the author gave the following parameter equations of the cross 
section curve for the prismatic piston of the base of n-angular 
regular polygon (Fig. 1).: 
x(t) = cos(t )+ r0 - cos(n- t) 
y(t) = sin(t )+ r0 • sin(n- t) 
(1) 
(2) 
These coordinates are non-dimensional since they were 
referred to the length of an equilateral triangle and its vertex is 
the center of gravity. The t parameter takes the values of the 
range 0 ::::; t <2n. The circle's radius ro on which the gravity 
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Fig. 2 Shape of cylinders' section for pistons of ann-
angular regular polygon 
piston 
Fig. 3 Structural design of a compressor with a 
piston of a square base (n = 4) 
Fig. 2 shows the examples of cylinders' 
shape for n "" 3, 4, 5, 6, 8, 16. Fig. 3 shows a 
structural design of a compressor with a piston of 
a square base (n ""4). 
Between the cylinder and the side surfaces 
of the piston there are areas closed by the side 
covers, which are made up by I - IV working 
chambers. The rotation of the piston makes the 
volume of the working chamber I (as well as the 
others') change along with the change of the 
position specified by angle t. Within the full 
rotation it changes (n - I) times from V min to V max and again to V min· This means that within that time there will be n 
(n- 1) cycles of full volume changes in the machine. The chamber's volume (e.g. V1) in any ofits position can be 
analytically specified by formula: 
V, ( z) ~ H ·1 (r, ,in(n t )+sin(t) {r, Hin(n · t) +sin(t )))+ [ y(A) + (y(B)- y(A )) '2~: J x( B¥ e<(A) J dt 





The character of changes of this volume is presented in Fig. 4. 
(3) 
2 (n - 1) valves were placed on the surface of the cylinder, half of which are suction valves (ZS) and the other 
half are the outlet valve (ZT). The medium is sucked into the working chamber during the increase of its volume. At 
the moment of its maximal volume V max the suction valve closes and the compression phase starts (decreasing the 
chamber's volume). Once the designed pressure of compression degree cr has been reached, the outlet valve opens, 
through which the compressed gas withdraws into the exhaustion area until the chamber reaches the minimal volume 
V min· At the next volume increase, the rest of the gas is decompressed, and next, after the suction valve has been 
opened a new portion of the medium is taken in. 
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Fig. 4 Change of the volume of the working chamber in a full rotation of the 
piston 
The whole cycle lasts for the period of time in which the piston revolves by
 an angle oft = 360 I (n - 1 ). This 
means that for the discussed machine three full work cycles will be realized 
in the same chamber within a full piston 
revolution. (Fig. 5) 
For the compressor presented in Fig. 3 a stated displacement volume can be s
pecified as: 
VUSK = V max - V min (4) 





Fig. 5 Compression process in the working chamber in a 
full change of its volume 
(5) 
and also a volumetric efficiency TJv: 
(6) 
Work necessary to compress an amount of 
gas closed in the chamber can be calculated from 
a commonly known relationship: 
( n-!J W =-n-·p·(V -V-)·7J·l-O"--;;-nl-z n -1 ss max rnm v 
(7) 
3. MACIDNES WITH A ROTATING CYLINDER 
In this case the equation of a curve describing the shape of a cross section of a statio
nary piston has to be found. 
In [4] the author shows the following parametrical equation ofthis curve for t
he cylinder whose cross section is ann-
angular regular polygon: 
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y 
x(a) ==cos( a)+ p · (n · cos((n- 2)· a)- (n -2)· cos(n ·a)) 
2 
y(a)== sin(a)- p · (n · sin((n- 2)· a)+ (n- 2)· sin(n ·a)) 
2 
Whereas the position of the gravity center of a regular 
polygon which revolves on a circle of radius p is described by 
the equations: 
x(a) == p · cos(n ·a) 





Fig. 6 Coordinates for determining the 
equation describing the piston's cross 
section 
In the above equations parameter a takes the values of the 
range 0 ::;; a ::;; 2n, and the radius p can take the values of the 
range 0 ::;; p < 1 /(n - 2)(n). The above coordinates are of the 
non-dimensional values character. They are referred to the height of an isosceles triangle and its vertex is the center 




Fig. 7 Shape ofthe section of rotating pistons of the 
base of a regular n-angular 
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Fig. 8 Rotating compressor with a rotating cylinder of a square section. 
Fig. 8 shows the structure of a compressor with rotating cylinder of the section of a regular quadrangle (n =4
). 
Between the cylinder and the piston there are working areas - chambers, whose volume changes along with i
ts 
position while rotating. The cylinder performs two motions. One is the revolving of the gravity center around th
e 
piston's center, and the other one is the revolving of the cylinder around the axis crossing the gravity center. Analys
is 
of the compressor's work is connected mainly with the latter. The position of the cylinder is specified by angle a (see 
Fig. 7). Within the full rotation of the cylinder the chamber's volume changes (n- 1) times from Vmin to Vmax and 
again to Vmin which gives n x (n -1) full working cycles of the compressor. The volume of the chamber (e.g. V1) i
n 
any of its position can be specified analytically or using the PC software made by the authors according to th
e 
following algorithm: 
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Fig. 10 Change of the working chamber's volume in a full rotation of the cylinder 
The course of the full process of compression is very similar to the aforementioned. Also such values as stated 
displacement volume, relative clearance volume, volumetric efficiency, and work necessary to compress an amoun
t 
of gas comprised in the working chamber can be specified from formulas ( 4) - (7) by specifying suitable volumes fo
r 
the discussed machines. 
4. CONCLUSIONS 
Lack of space does not allow to present a broader geometric and kinematic analysis of the mentioned machines. 
The authors wanted to draw attention to the structural possibilities which are hidden in the machines with rotatin
g 
piston of the base of an 
n-angular regular polygon. These are some of the possible shapes, as it can be deduced from reference list [6]. 
However, it is their geometrical simplicity that can be used as a basis for creating proper compressing machines. 
The group of machines of the base of an n-angular regular polygon has hardly been studied. Therefore the 
authors decided to prepare the research of this kind of compressors. The paper presented an introductory concept of
 a 
compresor with a piston in the shape of a rectangular prism of a square cross section. This will be the topic of th
e 
research in the nearest future. 
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